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1.  POWER  SPECTRA  FOR  THE  HELICAL  CERENKOV  EFFECT  AND  HARMONIC 
RADIATION  ABOVE  AND  BELOW  HELICAL  CERENKOV  THRESHOLD 

The  helical  Cerenkov  effect  (HCE)  arises  from  electrons  moving  in  a  medium  on  helical  trajectories 
under  the  influence  of  the  uniform  magnetic  field  that,  for  simplicity,  is  defined  as  2B,  with  B 
denoting  the  magnitude  of  the  magnetic  field  and  2  its  direction  (Soln  1992).  The  helical  Cerenkov 
radiation  with  angular  frequency  co  will  occur  if  (§oln  1992) 

/i(©)p,(0)  ^1,  (1) 


where  pj,(0)  =  v^CO)  /c ,  with  v^(0)  denoting  the  parallel  component  of  the  electron  velocity  with  respect 
to  b!  Here  and  in  what  follows,  p  »  v/c,  =  v^/c,  pj^  =  vjc  with  Vj^  being  the  perpendicular 

— >  9  2  2 

component  of  the  electron  velocity  with  respect  to  B  and  v  =  +  Vj^ .  One  notices  that  is  also  the 

velocity  of  the  electron-guiding  center.  The  power  spectra  for  the  HCE  and  for  the  harmonic  radiation 
below  and  above  the  helical  Cerenkov  threshold  are,  respectively: 


P((»;0)  = 


|[(sineo)/o(^)]^  *  [(vj,(0)/v,(0))/,(5o)]  J. 


(2a) 


cosGq  = 


1 


«(O))Pz(0) 


(2b) 


e^v,(a)o)  f  - 
P(®;a)  = - - - (sin^e^ 


+  (v^(a)/2v,(a))^  [cos^G,  ”  Vi(U)^ 

-  {vj^(a)/v^(a))  sinG^  cos  G^7^  [^+i (^a)  +  4-i (^a)] }  • 


1 

cosG,  = - - - - - ,  a  =  1,2,3,.... ; 

/i((0)P,(a)  rt(©)a)p^(a) 


(3b) 


1 


eV(-^)(0  f  ,  2  . 

P((o;-b)  = - - - (sin^e-fc  ^  (%-t) 


+  (vj.(-6)/2v,(-fe)f  [cos^e,^  +  (4.i(tfc)  - 

+  (v^(-Z>)/v,(-6))sine_^cos0_t  4(i-b)[4+i(t-<>)  +  4-i(^i))]}* 


(4a) 


1  ^®e 

n(a))p.(-6)  /i(a))(op^(-6) 


,  6  =  1,2,3 . 


(4b) 


The  notation  is  such  that 


/j((o)«/?,sin0/ 


v,(/) 


<0^ 


®c  = 


eB 


My(l)c 


I  =  0,a,-b, 


(5) 


where,  in  general,  R  denotes  the  electron  gyro-radius,  M  the  mass  of  the  electron,  and  7(/)  is  the  electron 
relativistic  factor.  It  is  relations  (2b),  (3b),  and  (4b),  of  course,  that  kinematically  define  the  HCE, 
harmonic  radiation  below,  and  above  the  helical  Cerenkov  threshold,  respectively.  For  the  sake  of 
comparison,  we  also  list  the  power  spectrum  of  the  ordinary  Cerenkov  effect  (no  magnetic  field  present; 
see,  for  example  §oln  [1992]): 


P((o;C) 


sin^0.;  COS0. 


1 


(6) 


where  is  the  electron  velocity  and  0^  is  the  radiation  angle. 

2.  NUMBER  OF  PHOTONS  PER  UNIT  PATH  LENGTH  IN  THE  VISIBLE  SPECTRUM 

From  now  on,  we  shall  assume  that  index  of  refraction  n  varies  very  slowly  in  the  visible  wavelength 
interval  of  interest;  that  is,  for  all  practical  purposes,  n  is  independent  of  to. 
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We  start  with  the  expression  for  the  number  spectrum  per  unit  path  length 


dLdcd  li®v,(/) 


where  /  =  0,  a,  -b,  and,  by  definition,  /  =  C  represents  the  ordinary  Cerenkov  effect  when  is  replaced 
by  Vg.  Next,  the  number  of  photons  per  unit  path  length  that  are  emitted  into  angular  frequency  interval 
ddi  and  the  wavelength  interval  dK  are  given,  respectively,  as 


d^Njiml) 

dLd(Si 


d(o  =N(©;/)da)  =  N(}.;l)dX\ 


N(X;l)  = 


(8a) 

(8b) 


Because  of  \d(o/dX  \  =  (o/X  (radiation  is  observed  in  a  vacuum),  we  also  have  this  very  important 
relation. 


N(©;/)©  =  NiX\l)X. 

At  this  point,  we  introduce  the  "natural  finite"  wavelength  and  angular  frequency  intervals: 

AX,  =  ^2  -  A,i  =  ^.^12  ”  ^  — » 

2 


(9) 


(10a) 


AO)  =  (D 


1 


CO2  =  COq, 


CO 


1.2 


^/5±\ 


©0  = 


©2  + 


W, 


>f5 


(10b) 


where  Xq  and  ©q  are  the  center  wavelength  and  center  angular  frequency,  respectively.  One  can  easily 
see  that  these  definitions  are  numerically  very  close  to  what  one  uses  in  experiments  (Martin  and  Shaw 
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1993).  Furthermore,  one  also  has  that  A©  =  2jtc/A?i.  For  latter  references,  we  notice  that  to  a  good 
approximation  y/s  =  (e  +  1  )/(e  -  1 ),  which  will  be  useful  later.  However,  one  can  also  introduce  the 
"infinitesimal"  wavelength  and  angular  frequency  intervals: 


5  A  ®  Aq, 

(11a) 

5©  -  ©0- 

(11b) 

It  will  be  seen  that  for  the  ordinaiy  and  helical  Cerenkov  effects  the  calculated  (dN-p/dLys  for  radiation 
falling  within  either  AA,  or  5A,  are  practically  the  same. 

For  the  ordinary  and  HCE,  one  has  from  relations  (8)  that  the  total  number  of  photons  per  unit  path 
length  emitted  within  wavelength  and  angular  frequency  intervals  AA  or  A©  to  be,  respectively 


dNpilQ,  AA;  /  =  a-,C) 
dL 


^2 

J  N(K;l  =  0,C)dX, 


(12a) 


dNp(G)Q,  A©;  /  =  0,C) 
_ 


J  A^(©;  /  =  0,C)d©. 
®2 


(12b) 


Of  course,  (12a)  =  (12b).  Next  we  estimate  the  contributions  from  harmonics  to  dNjIdL  within  A©  or 
AA  intervals.  Since  harmonics  occur  at  sharp  frequencies  (wavelengths),  it  is  sufficient  to  estimate  them 
for  radiation  that  falls  within  infinitesimal  5©  (5A).  Of  course,  6©  (5A)  is  supposed  to  be  within  A©  (AA). 
Having  said  that,  consistent  with  relations  (11),  we  have  that  for  any  harmonic  index  / 


dNp(XQM;l) 

dL 


=  N(Ao;/)Ao  = 


<fiV'r(©o,6©;  /) 
dL 


N(©o,/)©o. 


(13a,b) 
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With  these  preliminaries,  we  first  deal  with  the  ordinary  Cerenkov  effect.  Consistent  with 
relations  (6),  (8),  (10),  and  (12),  we  obtain 


dNjiXQ,AX-,C) 


dL 


=  27tasin^6 


1  _  1 


=  n(Xq,c)Xq  = 


dN‘p(XQ,  5A,;  C) 
dL 


(14a) 


dNT((0n,A(0-,C)  a  ,  .  dNj.((SiQ,d(0\C) 

- 1  =  ®  sin2  e,((0i  -  (O2)  =  lV((Oo.C)(Do  =  - - 

dL  c 


(14b) 


As  we  see,  expressions  (14a)  and  (14b)  are  exactly  in  the  forms  of  relations  (13a)  and  (13b),  respectively. 

To  address  the  HCE  and  harmonic  radiation,  we  first  rewrite  the  argument  of  the  Bessel  Functions 
from  (5)  as 

4,  =  («Y(/)Px(Osin0,)i^^^l^.  (15) 


In  the  visible  spectrum,  we  have  that  typically  co  =  4  x  lO^^s”^  With  (Mcle)  =  5.56  x  10“^^sT,  we  have 
that  =  (ny  (/)  Px  ^  x  lO'h’/B  is  going  to  be  very  large  for  "moderate"  magnetic  fields,  B  < 

100  T.  Hence,  we  can  utilize  the  asymptotic  expressions  for  Bessel  functions  (Arfken  1985): 


8x»4/2  -  1: 


jf(x)  = 


_L  1  +  (-1)^  sin2x 

nx 


(16) 


Since  in  the  HCE  only  /  =  0,1  come,  we  are  allowed  to  use  the  asymptotic  expressions  for  Bessel 
functions  in  form  (16).  With  relations  (2a),  (7),  (8),  and  (9),  we  obtain 


lV(a);/=0)  =  +  Ar^,,(©;/=0),  (17a) 


N(X;l=0)  =  (A-;/=0)  +  lV^,^(X;/=0);  (17b) 
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(18a) 


;V,^((o;/=0) 


a[(np(0))^  -  l] 
cic^(np,(0)f  ’ 


asin2^0 

(nP,(0)f  -  (« 

ft(0)f  -  1 

(18b) 


N. 


(X:/=0)  =  N,ff.sMa)\i-o) 


eff.osc 


eff^osc ' 


(18c) 


It  is  evident  that  generally  \N^J<\Ngff\.  Furthermore,  as  X,  varies  from  through  Xq  to  X^, 
experiences  rapid  oscillations  in  the  variable  as  such,  its  contribution  in  the  integral  (12b)  is  negligible. 
Therefore,  we  obtain 


dL 


d7Vy-^(Xfl,6X;/=0) 


sN,^(Xfl:/=0)Xo 


(19a) 


dL 


dNji(aQ,A(ii;l=0) 

dL 


=  lV^^((Do;/«0)a)oln(o>i/®2) 

dNf  ((aQ,b(it;l=0) 


(19b) 


dL 


where,  of  course,  (19a)  =  (19b)  term  by  term.  Next,  in  relations  (19),  because  of  \N^^^\<  \Ngff\ ,  one  may 
write  N^ff  (1=0)  +  (/  =  0)  instead  of  just  (I  =  0)  and  still  obtain  a  good  estimate  for  dNj- 

€St 

(/  =  0)/dL',  this  we  then  denote  as  dNj  (/  =  0)fdL. 
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Examples  (19)  suggest,  then,  that  for  haimonic  radiation  above  and  below  the  HCE  threshold,  rather 
than  going  through  tedious  calculations,  one  may  simply  estimate  the  number  of  photons  per  unit  length 
emitted  within  Am  or  AX,  respectively,  as 


dL 


dL 


dNf(X„,AX;l.ao.-b(,)  _  ^  (MO) 

dL  dL 


where  again  (20a)  =  (20b)  term  by  term  and  a^  and  bo  are  harmonic  indices  associated  with  the  central 
angular  radiation  frequency  (Bq  according  to  relations  (3)  and  (4),  respectively. 

3.  APPLICATIONS 

On  general  grounds,  it  follows  from  relations  (2)  to  (5)  that  as  B  becomes  larger  and/or  Pj^(/)  becomes 
smaller,  the  HCE  will  dominate  over  the  harmonic  radiation.  In  fact,  for  ^  0,  and  B  0,  the  HCE 
will  gradually  disappear,  while  the  radiation  into  harmonics  will  become  more  dominant.  At  B  =  0,  all 
the  harmonic  radiation  will  sum  up  into  the  ordinary  Cerenkov  radiation,  which,  however,  can  also  be 
calculated  directly  (§oln  1992). 

Let  us  go  back  to  the  nonmonoenergetic  beam.  Here,  by  definition,  the  estimated  overall  number  of 
photons  per  unit  path  length  is  the  superposition  of  the  emitted  total  number  of  HCE  photons  per  unit  path 
length  and  the  estimated  total  number  of  photons  per  unit  path  length  into  the  harmonics  above  and  below 
the  HCE  threshold.  We  shall  assume  that  as  one  goes  from  one  electron  to  another  in  the  beam  that 
Pj^(a)  =  Pj^(-b)  =  Pj^(0)  =  0.3,  where  /  =  0,a,-b  are  indices  associated  with  the  HCE  and  harmonic 
radiation  below  and  above  the  HCE  threshold,  respectively.  Their  constancy  is,  of  course,  an  average 
value  for  P_l  across  the  beam;  it  is  justified  by  the  fact  that  Pj^  does  not  enter  into  the  definition  of 
radiation  frequency.  Hence,  the  nonmonoenergetic  beam  quality  will  be  specified  by  which 
approximately  varies  between  0.92  and  0.94  with  p2(0)  =  0.934  corresponding  to  the  HCE  (the  eneipes 
of  individual  electrons  are  in  the  2-3-MeV  range).  The  helical  motion  of  electrons  is  maintained  through 
silica  aerogel  as  a  medium  (the  index  of  refraction  in  the  visible  spectrum  is  n  =  1.075)  by  the  magnetic 


7 


field  of  B  =  10  T.  The  radiation  angular  frequency  in  all  three  cases  is  simply  the  central  angular 
radiation  frequency  in  the  visible  portion  of  the  spectrum,  a)|o  =  3.77  x  lO^^s  ^  Specifically,  using 
relations  (19),  (20),  (7),  and  (2)  to  (5),  we  have  the  following  expressions  for  the  number  of  photons  per 
unit  path  length  for  each  case: 


/  =  0,p^(0)  =  0.9340,  COS0O  =  l/(rtP^(0))  =  0.9960,  y(0)  =  5.1541: 


dNj((iiQ,A(i>J=0) 

dL 


=  0.104  cm"^ ; 


(21a) 


/  =  ao  =  120,p^(ao)  =  0.9206,  cosO^^  =  cos0o,Y(ao)  =  4: 


dN/^\(iiQ,A(o,l=3io) 

dL 


=  0.205  cm  ^ ; 


(21b) 


I  =  -bQ  =  -71,  p^(-bo)  =  0.9393,  cosO.^,^  =  cosOq,  Y(-*o)  =  6: 


dNj\G)Q,A(o;l=-bQ) 

~~dL 


=  0.120  cm 


(21c) 


At  the  end  of  the  L  =  10-cm  path  length  in  the  silica  aerogel,  the  number  of  photons  generated  by  an 
electron  in  the  radiation  angular  frequency  interval  Aw  with  the  central  radiation  angular  frequency  (Dq  = 
3.77  X  10^  and  at  the  central  angle  Oq  are,  respectively 


iVy((flQ,Aco;/=0)  =  1.04, 

(22a) 

lv"'(a)o,Aa);/=ao)  =  2.05, 

(22b) 

iV"'(®o.A(o;/=-bo)  =  1.2, 

(22c) 

where  the  parameters  correspond  to  relations  (21a,b,c). 
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We  can  take  a  simple  average  over  /  =  0,  a^-bo  of  relations  (21a,b,c)  yielding 


dNr  i(iin,A(0',average)  , 

^  ” _ 1_  =  0.143  cm-^ 

dL 


(23) 


Comparing  this  expression  with  (21a),  we  see  that  the  harmonic  emission  actually  enhanced  the  helical 
Cerenkov  radiation.  Finally,  from  relation  (23),  we  have 

L  =  10  cm,  B  =  10  T  :  Nj\(aQ,A(a-,average)  =  1.43,  (24) 

so  that  an  electron  beam  with,  say,  10*  electrons  in  cm*  will  generate  about  1.4  x  10*  photons  in  cm*  at 
the  end  of  a  10-cm  path  length  in  the  silica  aerogel.  This  can  be  observed  experimentally. 

Recently,  a  great  deal  of  progress  has  been  made  in  achieving  magnets  whose  fields  would  reach 
100  T  (Boebinger,  Passner,  and  Bevk  1995).  With  B  =  100  T  in  relations  (21a,b,c),  the  harmonic  numbers 
and  the  number  of  photons  per  unit  path  length  become,  respectively:  0, 1.039  cm”^  12, 2.166  cm”^;  and 
-7,  0.408  cm“^  One  notices  that  only  for  the  HCE,  /  =  0,  the  number  of  photons  per  unit  path  length 
scales  linearly  with  B. 

These  examples  show  explicitly  that  the  HCE  with  a  nonmonoenergetic  electron  beam  could  be  a 
vehicle  for  detecting  a  magnetic  field  in  the  hostile  electromagnetic  medium. 
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1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
ATTN  AMSRL  OP  SD  TP 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 


ABERDEEN  PROVING  GROUND 

5  DIR  USARL 

ATTN  AMSRL  OP  AP  L  (305) 
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NO.  OF 
COPIES 

1 

1 

1 

1 

1 

1 

1 

1 


ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


OSD  OUSD  AT 

STRT  TAC  SYS 

ATTN  DR  SCHNEITER 

3090  DEFNS  PENTAGON  RM  3E130 

WASHINGTON  DC  20301-3090 

ODDRE  AT 

ACQUISITION  AND  TECH 
ATTN  DR  GONTAREK 
3080  DEFENSE  PENTAGON 
WASHINGTON  DC  20310-3080 

ASST  SECY  ARMY  RESEARCH 
DEVELOPMENT  ACQUISITION 
ATTN  SARD  ZD  RM  2E673 
103  ARMY  PENTAGON 
WASHINGTON  DC  20310-0103 

ASST  SECY  ARMY  RESEARCH 
DEVELOPMENT  ACQUISITION 
ATTN  SARD  ZP  RM  2E661 
103  ARMY  PENTAGON 
WASHINGTON  DC  20310-0103 

ASST  SECY  ARMY  RESEARCH 
DEVELOPMENT  ACQUISITION 
ATTN  SARD  7S  RM  3E448 
103  ARMY  PENTAGON 
WASHINGTON  DC  20310-0103 


1  ARMY  RESEARCH  LABORATORY 

ATTN  AMSRL  ST 
DR  FRASIER 
2800  POWDER  MILL  RD 
ADELPm  MD  20783-1197 

1  ARMY  RESEARCH  LABORATORY 

ATTN  AMSRL  SL 
DR  WADE 

WSMR  NM  88002-5513 

1  ARMY  RESEARCH  LABORATORY 

ATTN  AMSRL  SL  E 
MR  MARES 
WSMR  NM  88002-5513 

1  ARMY  TRADOC  ANL  CTR 

ATTN  ATRC  W 
MRKEINTZ 
WSMR  NM  88002-5502 

1  ARMY  TRNG  &  DOCTRINE  CMND 

ATTN  ATCD  B 
FT  MONROE  VA  23651 

ABERDEEN  PROVING  GROUND 

1  CDR  USATECOM 

ATTN:  AMSTE-TA 


ASST  SECY  ARMY  RESEARCH 
DEVELOPMENT  ACQUISITION 
ATTN  SARD  ZT  RM  3E374 
103  ARMY  PENTAGON 
WASHINGTON  DC  20310-0103 

UNDER  SEC  OF  THE  ARMY 
ATTN  DUSA  OR 
RM2E660 

102  ARMY  PENTAGON 
WASHINGTON  DC  20310-0102 

ASST  DEP  CHIEF  OF  STAFF 
OPERATIONS  AND  PLANS 
ATTN  DAMO  FDZ  RM  3A522 
460  ARMY  PENTAGON 
WASHINGTON  DC  20310-0460 


2  CDR  USAMSAA 

ATTN:  AMXSY-ST 
AMXSY-D 

4  DIR  USARL 

ATTN:  AMSRL-SL,  J  WADE  (433) 

AMSRL-SL-L  M  STARKS  (433) 
AMSRL-SL-C,  W  HUGHES  (E3331) 
AMSRL-SL-B,  P  DEITZ  (328) 

1  CDR  CBDCOM 

ATTN:  TECHNICAL  LIBRARY 
BLDG  E3330 

1  DIR  CBIAC 

BLDG  E3330,  RM  150 


DEPUTY  CHIEF  OF  STAFF 
OPERATIONS  AND  PLANS 
ATTN  DAMO  SW  RM  3C630 
400  ARMY  PENTAGON 
WASHINGTON  DC  20310-0400 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRL  EP  M  V  GELNOVATCH 
AMSRL  EP  EF  M  DUTTA 
FT  MONMOUTH  NJ  07703-5601 


1  COMMANDER 
US  ARMY  NGIC 
ATTN  AMXST  MC  3 
220  SEVENTH  STREET  NE 
CHARLOTTESVILLE  VA  22901-5396 


1  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRL  SS  V  DEMONTE 
ADELPHI MD  20783-1197 

1  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRL  OP  TL 
WATERTOWN  MA  02172-0001 

2  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRL  SS  IC  P  EMMERMAN 
R  WINKLER 

ADELPHI  MD  20783-1197 

1  DIRECTOR 

US  ARMY  BALLISTIC  MIS  DEFNS  SYS  CMND 
ATTN  ADVANCED  TECHNOLOGY  CENTER 
PO  BOX  1500 

HUNTSVILLE  AL  35807-3801 

2  COMMANDER 

US  ARMY  STRATEGIC  DEFENSE  COMMAND 
ATTN  CSSD  SL  C 
CSSD  SL  S 

HUNTSVILLE  AL  35807-3801 

1  COMMANDER 

CECOM  R&D  TECHNICAL  LIBRARY 

ATTN  ASQNC  ELC  IS  L  R 

FORT  MONMOUTH  NJ  07703-5000 

1  COMMANDER 

US  ARMY  RESEARCH  OFFICE 
ATTN  TECHNICAL  LIBRARY 
POBOX  12211 

RESEARCH  TRIANGLE  PARK  NC  27709-2211 

1  COMMANDER 

US  ARMY  LOGISTC  MGMT  CENTER 
ATTN  DEFENSE  LOGISTICS  STUDIES 
FORT  LEE  VA  23801 


8  DIR,  USARL 

ATTN  AMSRL  SL  E  G  MARES 

AMSRL  SL  EA  R  SHELBURNE 

AMSRL  SL  EG  J  PALOMO 

AMSRL  SL  EM  R  FLORES 

AMSRL  SL  EP  D  ALVAREZ 

AMSRL  SL  ES  T  ATHERTON 

AMSRL  SL  EV  DR  K  MORRISON 

AMSRL  SL  CA  R  SUTHERLAND 

WHITE  SANDS  MISSILE  RANGE  NM  88002-5513 

ABERDEEN  PROVING  GROUND.  MD 

18  DIR,  USARL 

ATTN:  AMSRL-SL, 

J.  SMITH 
AMSRL-SL-BA, 

DR.  J.  WALBERT 
J.  HANES 
R.  KUNKEL 
L.  ROACH 
AMSRL-SL-BS, 

D.  BELY 
DR.  T.  KLOPCIC 
AMSRL-SL-BV, 

L.  MORRISSEY 

W.  MERMAGEN,  JR. 

AMSRL-SL-I, 

R.  REITZ 

D.  BASSETT 
A.  YOUNG 

M.  VOGEL 

E.  PANUSKA 
DR.  D.  HASKELL 
DR.  J.  FEENEY 
R.  ZIGLER 

AMSRL-WT,  DR.  H.  E.  BRANDT 

1  CDR,  USAATC 

ATTN:  STECS 

1  DIR,  ERDEC 

ATTN:  SCBRD-RT 


1  COMMANDANT 

US  ARMY  CMND  AND  GEN  STAFF  COLLEGE 
FORT  LEAVENWORTH  KS  66027 
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NO.  OF 

COPffiS  ORGANIZATION 


58  DIR,  USARL 

ATTN:  AMSRL-SL-C, 

J  SBIGH 

MAJ.  JEROME  GILMAN 
AMSRL-SL-CM. 

D.  FARENWALD 
B.  RUTH 
L.  DAVIS 

L.  D’ELICIO 
R.  JOLLIFFE 

D.  SLOOP 
R.  TRYTUS 

R.  ZUM  BRUNNEN 

E.  HORAVANTE 

M.  MAR 

DR.  J.  SOLN  (30  CYS) 
AMSRL-SL-CO, 

D.  BAYLOR 
R.  PROCHAZKA 
AMSRL-SL-CS. 

J.  BEILFUSS 
T.  FLORY 
B.  SMITH 
DR.  M.  SMITH 
J.  FRANZ 
T.  MAK 
J.  NEALON 
R.  PARSONS 
M.  KAUFMAN 
D.  MANYAK 
R.  POLIMADEI 
M.  BUMBAUGH 
J.  CAPOBIANCO 
D.  DAVIS 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 

This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your  comments/answers 
to  the  items/questions  below  wiU  aid  us  in  our  efforts. 

1 .  ARL  Report  Number  ARL-TR-947 _ Date  of  Report  January  1996 _ 

»  2.  Date  Report  Received _ _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  puipose,  related  project,  or  other  area  of  interest  for  which  the  report 
'  will  be  used.) _ _ _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas,  etc.) 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operating  costs 
avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate  changes  to 
organization,  technical  content,  format,  etc.) _ 


Organization 

CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 

City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the 
Old  or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


DEPARTMENT  OF  THE  ARMY 


OFRaAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO  0001,APG,MD 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


DIRECTOR 

U.S.  ARMY  RESEARCH  LABORATORY 
ATTN:  AMSRL-SL-CM 

ABERDEEN  PROVING  GROUND,  MD  21010-5423 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


